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(57) Abstract: A simple-structure, small-size, inexpensive optical isolator mounted in an amplifier. The PMD and PDL are reduced 



to desired numerical levels to improve the characteristics. The optical isolator is composed of two double refraction elements, a 45° 



Faraday rotator, a magnet, a lens, and a total reflection member. The directions of crystal axes of the two double refraction elements 
and the direction of the rotation of the Faraday rotator are appropriately set. Therefore, going-returning optical paths where incident 
nonpolarized light is separated into ordinary light and extraordinary light, totally reflected by a total reflection member, and outputted 
jj^ are formed. The direction of the crystal axis with respect to the direction of the normal on the element surface of either of the two 
double refraction elements and the thickness in the direction of the normal on the element surface are corrected. 
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[oooi] *mmte, ftmmm, mmmmm^m^yr^^mKWA m^w® 



[ooo2] %7T4'^%^mmmfr%m&$, %^r^^^mut.%^mr^m^ 
mx\ ft<DytmmMisfc.mta^ M^^v—y^tyr^^mm^a^r, mm 

i-^tm<, ft%mmmzmm-rz>h(Dx\ mmmmm^yy^y-, y^>v? 
&M$m^xmmm£(D^k&mmL-x-L-§i5 0 ^x% mmt&mm-tztM^ 

, %T^yu~?ibmmistLX^Z> 0 

[0004] ^<D£?t£{fi$.i$ikfc$L<DytT^yu~ ^tL-xn, H2 N Rx^m^mm^fm 
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[0005] isfru ^mmnf^xn^^m^mm^m^nx^^fc^^T^yi-— 



WO 2005/083495 2 PCT/JP2005/002857 

[0006] r©^, ^ijia^j^cD^r-ryb— ?<Dmm%^mvx, m&M&M.$k<Dm 
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[0008] mi3Rx^mi4}^(Dm^T4y^—^ioo(Dmi^nm^^fc^(Dmmmxh 

[0009] Hll 3^.1/0 14©^;T^ry^— yi00^*5V^T, 101, l02\%Jt7T4s<, 103(«yr 
KMf^fgatff^^ 105«1/2^^1S, 106«GRINl^yX\ 107^77^ 
— 108«SttM\ 109fi^f7^tg, llOtt-v-y^k lll"118^U?121" 

128tefc«;T&5 0 

[ooio] ^yr^^iomt^i02», ^^m±^^n^^\^nx^tyr^^Tu43^m 

7r^^l02^AWIt«^fctt^i/2^^105SrSig-rSJ;5(-UTV^o GRINI^ 
yXl06<Z)^E^yT7^— IU^107SrI£!9#(t, M^777f^ 0tS^lO7^H*f 
gB#108Sr|£9ttttTV^ o yT7^-IlI^107(D^MliJ^tt^y^^Ml0^ttT 

[ooii] gem, Ttr^y^— yioocoift^t^pji-6o ^yr^^ioi^^AltbfcMM^^ 
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f?ftM\z.&&£WS>o GRlNi^^Xi06SrSiab^3tll3XU ? 3tll4tt7r9'7 s — mte 

Slt^tbSr^-C, ^113{M115<«S§^ ftll4f*#1160>}tl&<l^£? o 777T^- 
HI iS^-107£^iibfc}fel lSRTfftl l6nGRlNU^l06X-Myt^tl^bl/2^M 
*gl05(dA*|-rSo l/2fcft|£l05«^(7)^#^j£ 0 ^ftLTA^Lfctt^MSft 

^45te^|Ufe-r6 0 l/2^^105^^Ufc^ttM^^104^Att-rSO 
-C\ mS-^T*fe5^117tS-^T'feS^118fi^JB^m^l04Sr^b^:t#^(i 
•^O^j^— ifc-T6o 3tl 17&m 18«GRINW^Xl06t?^7fe^tbTV>S(D-t:\ 
^•7r^^l02tiS^^o.5dB@S^^^<^^tb§ 0 
[0012] — ^\ |lll4^^V^T^r^l02d^Ma7 I £^^:^Alt^^i:, MJff*^- 

104^^«121^m^7t^l22^Sl^^m^ofc^S&^tPo 1/2^*^105^ 

m^%t%iz^(Dm&m&^mMzmfc'Lfc<Dib, GRiNu^xioex^nyt^m^ 
nz> 0 GmNu>xioe^mmT^yti23tm2mR^m^io8XRm^n^ttm 

7feS§^t? 0 X, ytl25Rm2mGRlNU^Xl06XM^ti^hmtf o JJy^M 
(DXW.&U 7fe7T-T^101^AltL^V\ ^128ttmS»irbTlt©tJf0^-lO4^ 

[0013] roiti, 7t^7-r^ioi/0^Altb/c7 I 6M^T^^io2^^-rs^ N %-7 r ^^ 
io2^^Attb«f»^T^^ioi^«^b^v^v^5. ^r^yi^- ?mm&nz> 
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[0014] ^±<D^KRmm^mn^tK^^^m^m^j^i.fc(D^\ tiv 

'bmik(D&j&KMJ&-t?>zti>Bfmktez> 0 ft^r^iou 102^/Vy^— ^ 

[0015] L/^Lfr;^ BI13^-0«|gi4<7)fflfJ^t?«, 3feH4^>^^®$f^^l04t?^b$ 

1 13^1 14t©M ^7tS§*^B^t-5o t£oTGRIN^Xl06^ Att^Sfti^ 
^113^^1 HtO^cD^^^mM^^ffil/^/^-eigM'fb^tLTV^V^cfe, 
SltTOl08JiO^w^fi«^T^^CTU^V\Slt^^*^SS^^ii3^3t 
114^^oTL*5o iotSWt^ MilTt£104T?^jg|118£SS#i8ftll7£<£> 
TtSS^— Sc£-fr/cB#, ii^^#M^(PDL: Polarization Dependent Loss)^S|§^b 

[0016] ^^»pdl^#«lt, u^mmcmm^mmmm^mui-^ytr^yu- 

J8D0 

[0017] #fF^cm2:#M¥08-136859^#(^HH, Jg8K) 

[0018] Ell5^r(D^^^^m^^-/V©ltl^^PJ«/cfe(DM®lllT&6 0 
)fe^i^S^^-/H30Hfc^ ^T, GRINU>-Xl36(D||lcD^fR136a»jfi^^ 
tt, Ml36a^iaV^^J[|g^, ^ft5M^^/^137 N 7777*— Hlte^l38;&U* 

tlX^Zo — ^\ GRINl/^Xl360^2cD^136bOi£{#^fi, «S$P136b^jfiV^ 

a^ism, 1/2^^135, mmvfm^-isiRzpmwt^y^s^— K#7r^i3i 

, 132, 133/^iaM£tVt^5 0 itS^|t^l34«tll&^||2c7)^JS#T£P134a N 134b 
£WU Hl^I^I|2(DM^134a, 134b(i > ^tbb©^^#^5:v>^180SfR]^ 
GRINI^^Xl36<D^|fi^^tLm^^f^. Mfctfftttfc^Ui&S: 
^5^I^X«^tt^UM^S^§*^I^^E^J$tbTV>5 0 £fc, 1/2 
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[0019] ^7r^^i3i^^ffilt$^fimco^i3t^^o^ft x lcD^te, mi^mm 

^SiliR^/^137-eSlt$tL^ GRINl/^Xl36^I^i^iib, GRIN^Xl36(D3t 

[0020] ^7^^132^19 Wtt^Sfcft^cMte, ^20*@Jf$R134b , T?— 

ff^fS^^^f^tL^o ^St£^fc5mGRIN^Xl36W?f 
iltR^/^137^t/^T^^0^138^3SilLTSltfPWl4O^A*)--r5o 7r 
^-0te^-138^3Sil-t-5^, A*f7t(^'(B^®^22.5it0tetL6o SltW 

i40Tsit^tLfc7t«, wm7T7<f—\§imi L i38%mmi-z>m, ^-^©^22.5 

SHHk£*l5 0 Ml^ ^S3liR^/^137^.tFGRINW^Xl36^3giib, l/2t^t 
135MA#tUfc3fcte, MM^45JS0ifte£^ ^2©it®Jfra3134b^Alt-r5o ^cD 

mm^m2(Dmmm\ ! > 134b ^^^n^m^n^^^ 

gf$tl7c^^^9OS0^^TV^7c*, M^2(D«jS$ff^l34b^AltL-fc^ 
, S7tll«^S7 I fcll^bT^2cDmja^fP134brt^«L, ^fc^^^HfiS^H 
iLTB2(DMJff^l34brt^«-rS 0 ^(Dtcbb, ^20^JffiJfg|J134b(7)W^ffi 
^tb^tb^^^^SS^— ifc^tb, 7fe7T^133^Alt^6o 
[0021] ^[bJCD^S X 2<D}tte, m20lS©^134b^J:(9^^^^^^^ 

l/2^«135^Al+-r5c l/2jR^135"t?fi, AM L/c3t<Z>«®^45 
SlU^tL, GRINl^^Xl36^Alt-rS 0 GRINl^Xl36^£'9¥tT %XC-W$k 

iSthfrm-i, — IU^138^<tt)«^®^22.5S|lIte^ SttWl40fc 

Alt-TSo SttMi40ia?)Slt§Wc3ttt, #jt^T7^-HHg^-138^i§b, 
^<7^ fM)Kffi^S^22.5S0|g§tL5o ^tf^JH, ??Jtm2<«©#fg|S134M<:A 
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[0022] u-t<D£5^ yt&&mmtftT4y^-?mmb%-mk\,fr?fc¥m+m&^~ 

^) o 

[0023] isfaL-teffb, mi3Rxfmi4(oy6T4y^~ fiooxn, yr^—^m^-ioKDini 

104^iiUfct^^l 15^1 16©^{6&^— IScb/iV^, — ]j(D%ll&(D%h%7 

<o 

[0024] m^fa(Dftdm7T4s<io2frbAM£thfcm'&, mm^(Dytm%m#fm^- 
i3o^*5v>T^r-fyw— ymm&^-fytm^^TL&^kxhZo 

[0025] WiicDj;5^Sltfci5M)^M^5fel^^i-^T^yu-^©^-c^, 
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[oo26] H^3teK_b, l/mmR^MM-r^mm^^tc^, ^tm^t^mMM^ 
mbvx^wmmbi^^^± 0 

4yu—?m-m&mm>-rz>^btevsmxfoz> 0 m^, misnytr^yu-pmm^m 
^b^^m^xi^^Mxnf^^msRi^m^mm^m^c, is^m^-r^m^ 
xytmRm^^ntcit^muxh^ lot, ±iii>§^-ii^6^T^y^-^(D 

[0028] *mmte±m&wkMKMz?-xt££titc.h<Dxms s swi^i^s^ 

tfcftWt (PMD : Polarization Mode Dispersion) RXfPDL^pJfW.<DWci^U^</V^.Xi&M 

ikvxm&fa±%mz^b&-^mtf:ytT'fyu- ?<Dmmb, ^<D^tr^yu-^m 

[0029] «PJ(Dff^lIlfS«cCO^PJ«, MM^cD^^Al^^tL^KDltJStf^^, 

tffutw, ^(DAMm^^fcb^K^^9om^^m^mm^^immmR 
bmzmmmkbfrhm), m^\^m%(Dxmm^^k-b^(Dmmmi^m 
$ffte»^ H B B w^^^ N 7^^^om.b\^xAbm.m^<m2^m^^n^bMz 
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mm^^mmvfm^ffiMi^fafrK m^Bi^m^m^^m^^M^x 

mn^mtK^m^ mi^ ^^mbm^ytmb^mm^rvT-m^KAM 
£tix45mmwLm*\Biifc£in. m^m2(Dmmmm^mm^m^thtcmmm 
-rztzi^ mmmimmmR^^mxmmvfcm^m^^tmxmm^n^b^ 

bm^ytm^mm^^AM^nxmm^RMm^(D-^x^Mm^RM^ 
ti, mm^Ramtx^RM^thfc^ytmbm^ytmbf)mm, mzn2<Dmm$r 
m^-bmm^ryv'—m^b^ ^m^A^n, mmzmmm2mm$tm$:M 
m-r&b^K, ^Rmm^mmm2(Dmmmm^n^mxmmi,fcm±m'Mytm 
xmm&tLZb&i^ ±RMm^mt&m2(Dmmmm^M^ytmxmmvfc.m-i 
fttftm-emmztis mmm2mmm&^mm-r^bxm^mbmm^m'D 
ytms—$c£tiz>t\< ^&&%.Tm&<Dyt&%Gu mt^2(Dmmnm^-^hm 
m^^AM^tit', mm^^mbmmm^^tB(D^{mmm(D^^bmm^ 
M^tt^-^xtDyt^m^mm^mmzti, bo n mmm2<Dmmmm^K 
mmmi^mmmm^x^ztcn^mbmn^mm^mmm^o.s^m^m.R 

^^m^bm^mm^m^mb^i-^b^m^b-r^ytr^yu^xh^ 

o 

[0030] Mfvi, *mM<Dm&T%2mm<DmMte, mtmKDmm^m^m^-mmmm^ 

mmmm^^n^^ihmnm^59m^m^n^b^wmb^^T4yu 
—?x&z> 0 

[0031] *mw<DmMmmm<Dmm^ mm^m^AMtsti&mi^mmmm^- 
b, ^ytmRx^m^ytmb^ / Mmntcyt^AM^n^>m2(Dmmiffm^-b, 2^<d 
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AmM^^tct^commm2<Dmmmm^-(o^^m^mK mmmi^miffm 

m777^-m^KAM£nx45mmmm*m^ntcm^ mmmsmmmR 
&mtzfrm£tittmmm-rzk%^ mmmimmm&^ytmxmmvt^a 
mi%%mxmm£tiz>b&^ mmmmmmm^mmytmxmm^mtmytm 
xmmtsti, mz, n^Btm^ytm^mm^^AM^nxmm^RMm^ 

a, mmm^mmR^AM^thfcm^, nmmm^ry^-mm^KAM^n, 
Mm^mtm2mmmM^mm^t%i^mmm4mmm^^mxmmL-tc 

ytmxmmzti, m^, mmmmm2mmmR%mmT&^txi%ftmkmig^ 



WO 2005/083495 



10 



PCT/JP2005/002857 



[oo32] *&m<on&T%4RML<D&wtz. mmM2<DMm$fm^(Dm^mmmmj7 
[0033] ^mm^tm^mm^mmn, mmmi^mm^fm^m^-mmmm^f 

[0034] Hf£, ^^BjfcDfi^S6fBgc<ZWJf tt, ftjfEl^X^GRIN^X^foSt*^ ^ 

[0035] ^K©f»^7iE*feo3SK«, fufB^r^y^-y^ ^(DTtr^yi/— 

[0036] Hi^ *35W©f*Jfc^8fB*fe©#l3l!«\ MfBTtyr^^TfeAtbtt^^fe^ 
[0037] It, ^^^Ifjfc'gQfE^ISKra:, fufB^yT^^fF^tW ^ tfSl5mm 

[0038] in, ^Bj©it^iiiofB«c©^pj« N wm^tyr^^^rm^%yr^^ 

[0039] »p^t#5^r-ryw— y£T^y\s—#&ffiffctz>yt*£m'f-<Dwm 
mtft&o tot, &&<D&&&mft&&tt&ytT'(yu~?\z&\,^x&mi£<)it 

yw-y^t#^«fcfetfflv>S7t^*^-©TO^^|fe^j-»I0MbT, ftr-fy 
w-^©^x@oiij^»5t^h(Diij^0tt5.^M^mWi-5^T^y 

[0040] in, ^mmz.&zytTjyu—fi-z, ^(Dytr^yu-^mm^m^-r^fc^K^ 
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[oo4i] ^MK^^mmm^^m-r^T^y^-^x^ mz^m^2m, & 

xn, &$&<Dytmxm$iis±PMD j $>PDu±^ ^fcMmxx^RM&ti&mzi&m 
ik&tiztctb, ^(DPMD^PDLfim^ftm^mmteftm&Ri£ir^t&ffi±x^ 
6 0 mk, w&<Dytmx$£±~rz)PMD^PDLh, ^ihrn^mnEbm^mm^m 

^(Dmmyt(DPMD^PDL^mm(Dm$.^^/^xi&m^ti-^t^mt^o 
[oo42] mixn^2<Dmmmm^(ot^h^—^PDLtPMD(Di&m^mm^ 

mwt^bfa— ^(D^m^mtm^mmmm^m^Mi-^nxn^ 
[0043] jtr^yv— ?(DPDLmmzu&&w%^%ftMm^%M£/nm^^&£?KM 

Bifgt^So ^ot, ^Jtftefl^ ^Xfonx<D^%%<D%(D%%^m: 
m$WMfcirZ>^btf*smb?£Z> 0 tot, u>-X^|PBWa«B&M3tfi§^*3^~ 
^^©^©^^^«PDL^B»fM(D^fi^/^T?fgM^^6r^^t±i5(5§ 0 

[0044] Mi-, m^^^^t, mi(Dmm^fm^bm2(Dmm^fm^mw^(D 



WO 2005/083495 



12 



PCT/JP2005/002857 



[0045] 7fe^±^g§§yi:^5r^^#v\ ^r^ryi/— ^^^bs^irkd vt-fe^/Ht 

^'^%T^yu~?(D~^fm\^%m^wm&bt£&(DX\ mmm^ytr^yu 
—?%m^&b%fcft7 T 4^<D3\%\nivmm%w>£ j &x, mm^^m^m 

[oo46] it, ^mmM(D^tt-5r^tJ;^i/^x^m^i^t^JM'5iti-efe5t*t, 

[0047] •^(D^^X^GRINl/y-Xt-rSi!*^, W^X^B^ffrlB^lt^W^bT^Slt 

[0048] it, tufE^T-fy^— y^o^r-ryi^— y^Ttig^tL^l^^^yr^^i: 
[0049] 3t7r^t, frmmf^m ttnsmm&TK&feztitt.y&T^&mm'irz 

[0050] Mi^ ttrlE3fe7T^t=»ri4:^:3fc7T^Srfflv^srtt«tt), It©3t77^/^ 
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[oo5i] imttftmvytT'cyu— ^(DrnKDmrnmrn^-rmm^Wo 

m6Mi<D^T4yu-yK^n^m^<D^(Dmyt^m^-i-m 0 

mwsfD^T^yu-^tm^ytyT^^t^^^t'yt^mm^jm^^ 

mnm8(D^tT^yi — &\zL&tf&m&fa(nft(oiMftttte&&irmo 
mi2M8(D^T^yu^K^n^m^(D^(Dmytvtm^'rmo 
mi^mMM^^ymfDytr^yu— ^wo^^mmutM^m^k 

mumi3(D^r^yu—^Km^(Dm^Mmv±m^(Dm^mRxf^tm(D 
mi5]uyy:mmmm<Dmm^m^mm^^T^yu^mm^'r^M 

[0052] i, r ytr^y^—y 

2, 3 %7t4' < - 

4a miWRvm 
4b mm.m^u 
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5 N 5' m2(Dmmtjfm^- 

5a i3«I5f« 

5b mmmmk 

7 I/i/X 
11 — 18 )fe 

[0053] <mi(Dmmmm> 

Sll(D3t7^yi^^tSt©^77^^^^fc)tfgIiC, JR^lRjfcft 

[oo54] 0i-04^-r® | 9, ^r^y^— yi«, mi<vmm#fm^-4x.xfM2(Dmm$r 

[0055] Hi£fPiH-5^ 02SI^E14^*d^T, It©)fe77^^, SfiHI^Ytt^f^^ 
(^^r^^2^^^^cD|±Slt^^)^^M J ^^#0^^0^ H e B WXll,X217Jf^ 

$k sv^^90it^5j;5^iag^Tv^ o mmyt(DAMim^&tib^(D, mi^M 
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0J£^135MS<J;5^b£^£*i/CV^ o lot, ^2^B$fa£4b<£>#£if|f|f|X2l;fr[6l 

[0056] fglSJS^4a^^2^®^4b^MV^c:^@^5^«, 

^4a<^<§rigiEU 5t^T^^3^At±ilt$^5^tt^2lSaff«4b(D^^3Si^-r5 

[0057] 777T- lHl^6«^— ^hW^Mitet^^T^—^^^ZMUft^ 

th&yt(DAMm, m^yr^^iM^hzm^f^x^tct^^m (Rmm<o) 
[0058] mi^oi^-c, yr9v"-m^6^AyX\ mimmmmatwMfa^mwzn 

a, tfjfE^H H B ttXll^f^t^bT45Sm^J;5^^S-r§o ^ H H B WX31^f^(7)— 
mtLrXtt, MfE135Jt^LT45Jtm&5^fttfe5, YW^gp^fufBTk^ff*] 

%omtvx^(Domfrb9omm<£5fcmmt5nz>i><Db'rz> 0 

[0059] l^X7{3, ^(Dm^^^^U{^>^7(D%m\^^<\^tlXM<^^0\^ 
MWt&lfcMteZ), Rffff^»^T/^JS^4^*^(GRIN:GRadient INdex) WVX 

[0060] &,±(D£5fcmf$£tifcy£T4yu~ ^lRx^yt^mu^m^siTi^Mm^o 
m5n^T4yu—^u^n^m^(D^<Dmytvtm^'rmxm, m6nytr 
jyu— ?i\^rt&&^)ft<D%(Dm%ytM*^mxibZ> 0 H5^» (a) - (h) n 

6^<d (a) - (h) ^n^tim4\^i<ir&m%A-nx^i.fc&mm^rt&yt(D 
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[0061] ^yr4^2x^3^hmM^n±RmM8x±KM^n^x^^m 
[oo62] ^mjjfa<Dytm>tbm.m-Fz>o mm^ ^r^^^bmimmmma^mim 

V7H^tb5(IH5(B)) 0 — ;£\ 7felKD{M^®«^^#Xll^^-b#W^OT^h$ 
tlftMtUIit^o tot, fufEMB^^^3m, &HgJB#f«4a-Cft 

H H 0 $ixii^f^^ffjfS(7)Mi9i35^©^tt, ££m v )\z.m&th& 0 fct •yr s 7 s f'— 

m^6KAM^ntcmitm2(D^immm^^mKm4:5mm^n^m5(c 

))o 

[0063] ^£<£>^ 7tll^7tl2«^2(Diija$ff#^-5fcA#t^ftSo Mj^^jfiD^ftttXai^ 

xiEm^\m^thfc^n(Dm^mt^^mx3i^\^tn^nK^ a ±ot, 05( 

[0064] E*_L©,fc5H^ 3fcll£#12£;&5, %\W^^U^h%2(DW^^m^h^mWt^ 
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ifox3ij?fok&WL?£'tz>zhte£.v) > nmmmmakm2(Dmm$tmi L 5&mw&(D 

[0065] l/^X7rt§|3^Altb7c^llMl2^, ^S*HH8<Z)®_L<£>— ,£fl— kl&M 

f^mu m2m5(E)M, m-mM2<Dmm$tm*5iz.A&£tiz 0 &&<Dyt&tmm 

•vmi&mftXMkftv, m2iz^£?\z£m±mxfa^bi/-7htsn%(m5(F)) 0 
-^(Dm2(om^mnm^x3i^mzM^x^n^(Dx\ z/yytsn-rn^M 
bvxw.mi,xft< 0 

[oo66] m^, mm7T7T^m^6KAM£frfz.ytnbm2<D&m$im^ ^mv^m 
45Smfe$tts(05(G)) o ftnbfti2n&mmm^xtf2\m7T^—\mmi L 6& 
mm-fz><Dx\ &mmm^ mmmmm^h<D\tim5(Dm%^mm5(B))btt 
^x^mom&KiEimzn^bf^ ^(Dm^mxytubytmitmi^mmtft 
m^-4<DM2mmmmbKAM£nz> 0 

[oo67] ttM©j:5^ m2mmmR4b(D^mx2i^n, mmmmm^<D^mxn 
^mzM\^x9ommtez>£?tz.mm£thxm, m^ytm^m^xyr^— 
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xmi^mmRA&mmm\z.mn^Mx^tz.m2f)K w&<D%mz.&\ ^tit 

^^v7b$tt5(05(H)) o — jj, ytimm2W.miffU4b^x^ytm^<Dx\ m 
2mm$tm4bft&&\&m-rz 0 bp*>, ±^Mm8x±^M^n±m^m2<Dmmm 
m^^ytmxmmvtcytmtm^ytmxmm^ti^tm^ ^mmsx^ 
m^±m^m2(Dmm^m^5^m^^mxmmLfc%nn^ytmxmm^th^ 

, yt7T4'*3\zyt&yti£&&t& 0 ytiiRuytm^ u^X7xm^thX^^cox 

[0068] j&JyfiKDyt&&ffiW'i-Z> 0 yt^r^3^Mm^ft(D^AH^Mt(m6( 

n)\ AMffi-£m2mm$fmbx\ mytmxh^mztm^ytmxh^ut^m 

m)\zffi45mmi&& ft(E6(F)), ^(Dmwi2<Dmm$Tm^5KAM£nz>o %$2<Dm 
<o, m^m4K^xoKm^rmjj^tzy^h^nx^^<m6(K)) 0 

[0069] ytl3tytUfeU>X7^AM£il, ^SMl8(DffiiicD— &fl^4X 

M^thx^^, —Mnx—^thXMttm^RMzn, u>x7frhni&, w*2(dm 
m$fm^-5fcAM£ti&(m6(Ty)) 0 m2(Dmmmm^5KAMvtr.mmmnytmit 

9^~mtt6^AM£th& 0 
[0070] 777T- mfc^-6lzAM&thfcm3tm4<V&M&m-&, £Ih]19^S(w^45S 
IU^tt5(H6(B)) 0 tot, ^77^015^6^2^ g fcfflJft£*l,fc£#<Z>ftl3 

«i4o«-^®(ig6(B))«, n2mm^m4bmm$<D&m$imm6(G))tik'<x 
^m^4(Dmi%s.m$xma.KA%s-t$fhZ> 0 
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[0071] mm<D^K, mi^mmR4a<v^Mi$&xnj?\£]^ m2mmmR4b<D^m^x2i 

vm(m6(G))t&^x&mommziB}fe£tbx^%>o tot, '&m<D%m^^x 
m2mmmmbmmm^m^m^x^tcm^\m^(D^m^^^x-hm^^: 

nmimmmmapH^xnm^tm^x, mimmmm^^mm-r^ 

o 

[0072] ^_hCQ£5^ ft7T^^2frhAM\^tz.m^7T^'mz.ffifc&~rZ>ft^ %7T-< 

^m&mTxhz&m^&o 
[0073] ^mmmmxa, %T^yu—?i%mmT-&%^m^<Dwmtt, mmtm^-b-y 
T77*—mm^, Rxiu^xb±Rm^m<D^-Km^^b^tii^fc 0 lot, ^ 

m^mth^^imm^^i-^ytr4yu-ymmm^mbf^tc 0 
[0074] ^ N ^(DWM&mtv&z^-irzytTjyu— ybmm^, yt&jjfa<D^tm& 

[0075] Hi-, ^S^McD^^t«rt^J:i9i/^X^^i^^IiMBTti^^6t*^, 

[0076] ^lRZFWi2(Dmm#fM^-4, 5cD#jgtJT*<D*V>^-5<, }fcll£}fel2<£> 
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[0077] mi] 

no ■ ne 



nne! = 



r 



2 . ' 

no -sin 



7T 



v 



0r ■ 

180^ 



+ ne ■ cos 



7T 



2^2 



0r - 

180y 



[0078] I1.U no^f^HiS^f ^> nefi^HT^e^f ^ttWetUgU no : 2.453, ne : 

2.709^-TSo X, #£l3^^3J;5J-nnem, ||lX«fl2M©#r«4a, 4b<£>*£if| 

^ISMilWtl^200M m^i-S<^, tl^©J¥^^«^l(DMJfr^^4^S7t 
[0079] [^2] 



r 



So1 = t1 ■ tan 8 o 



7t 



180 



r 



COS 



a 



180 



[0080] 
[0081] 



(Dft-t fig) 
[ft3] 



00 = 



180 

7T 



■ -1 

s i n 



sin a - — 



no 



[0082] ir^^tL^o ---e> a femzm^mmm^tt^&^AMfimx&v, %?r^ 

^2, 3©^A(^M§R(D3T^^^--r^S#4^^^i2it^^tL5#^, ate 
[0083] X, tl^©J?^W^S^l©«JS^^4^S^«l^Sifib^:t#©, fufEiSf 
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r 



COS 



a 



[0084] [M 

Se1=t1.tan[ 0 e1.^] 

[0085] ^§^5 0 e emmigftB<Dm^fatmmm^mmwMt<Df3;irj£im 

[0086] [#C5] 



7T 

180, 



0e1 = 01 - dec 



[0088] [me] 



180 . -1 
8 ec = ■ tan 

7T 



[0089] [#C7] 



n0 f„ 

— - - tan 6 r ■ 



ne 



180 J 



0r = ^.tan- 1 

7T 



r 2 

-b + b -4 ■ a ■ c 



1 

^2 



2-a 



[0090] [fjfc8] 

2 



2 2 

a = no ■ ne ■ cos 



61 ■ 



7T 



180 



-no -sin 



180y 
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[0091] Hfc9] 



2 2 T 

b = -2 ■ no - ne - cos 6 1 



7T 



v 



180 



s i n 



01 

v 180. 



[0092] [I£l0] 



c = no ■ ne -sin 



01 ■ 



7T 



+ sin or - 



7T 



180 



■ -1 ■ ne 



180^ 

[oo93] tm&tiZo emmimmmk4 a xnm2mmmR4b(D^^(Dm^-mmmmt 

[0094] [mil] 



Soe1 = So1 + Se1 



[0095] tm^n, _bfS^^-^M^ALTfm-rS^, Soel:20.119jt*m£3*#tti 

[0096] mi%ftM&mmMXfatmmm^mmmmxfat<Df£~fjt}m e earn, 

[0097] [|fifel2] 



0ed1 = 6 r - 0 1 



[0098] tm^tlZc ^ot, ^l©«@^f*^4^«fcoT|S^-f 

^S^dl«, 
[0099] [3&13] 

nnel no 



d1 = t1 ■ 



cos ffl ed1 ■ -^-1 cos fd 0 ■ -JL 

L I isoJ I 180 



cos fa ■ -JL- - 9 ed1 ■ - J-l 
L 180 180 J 



[0100] t^^tlSo mi3^iifE^/^-^W?r'f-tAbTf+^i-S^ N dl : 28.031 n mt 

[0101] imu] 



WO 2005/083495 



23 



PCT/JP2005/002857 



PMD1 = 



d1 



10' 



tm^tl, PMDl:0.094ps3jS^#tii$tb5o vit^tMX\ v:299792458m/sii-§ 0 
[0102] «B^^*3^5, ^KDitja$ff*^-4-C|i^-r57tll^7 1 fcl2^cDPMD^U $ PDL^ 

^■|B]J¥t2t, *^B^^fB]^i-5^^WX32^fBl^^ > ftufEPMDiPDLCDfut 

[HJcDPMD&tFPDLSr, ^2©^e^f3Sf J f : 5^)tllt)tl2SrSifi^-S-S^^BfM© 
[0103] tfcfcl, ^2(Z?itjatJf*^5^PMDStJ ? PDL^B'fM<^#:jSw^7^T:1fi?^b$« 

|ft§Soe2<hfgiR^fa:PMD2^^^S 0 ^2©«[@Jf3[5 ; f-5^*3ft5S^3t*ftO|| 
[0104] ^ 0 $iXll^f^^r B ttX31^fR]^#5> ^l1t©$lffe4a^^2(D^©$lf^5^ 

mJfStl(Dl/ / (^2)f^fc^l41^m^^-r5 0 rcDt2^»ff^^-r6^2(Z) 

[0105] [^15] 



So2 = t2- tan flo- 



71 



COS 



or 



7T 



180 



[0106] &3b\ ^^(D^^[^^ffr|S^^*ffi^^(D^^Sfitfj|B#:3T?*$tl,5 
[0107] X, t25><Z?ff^^«^2CDlijatJf*^-5^m^^3gi§b/c^(7), fulEU 
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[0108] [ffifi[16] 



r 



Se2 = t2 ■ tan 0e1 ■ 



71 

180. 



r 



COS 



71 

1 80 j 



[oio9] ^^tb^o mny£M<Dftm^f%bffimm^mmmmt<Df£^ftmfeMnz 

0 r^lH— #ta, b, c^^rtL^fflf5^C8, #[9, t&lOM— fc^atS 

[oho] m2<Dmm$fm^-5%, mi(Dmm^fm^-4tm-<D^m^-vMmv±m 

X32^ft)£rftjfE 6 ltm— (D47.8itra^-r6c tot, ^2<£>:|£©#fi^5<£>, A 
[0111] [^17] 

Soe2 = So2 + Se2 



[0112] 
[0113] 



tmZtl. JinZ&^t-fmm&iXAVX^mr&b, Soe2:14.184/zm^#ffi 
2-e^$n5 6 edl£|l?|— Cfc6 0 lot, Jg2(D*tJS#f*^5^oT|£^5S;>fe 

[0114] mm 

nnel 



d2= t2- 



no 



cos fd ed1 ■ -£-1 cos fe o ■ -JO 
L 180J L 180JJ 



■ cos a • 



7C 

180 



- 0ed1 ■ 



_7T_ 

180 



[0115] 
[0116] 



tmiSthZ> 0 mi8^±fE#/^^^W^-tAbTff^-r§i, d2: 19.762 umb 
[&19] 
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PMD2 = ■ 1 0 6 

[0117] bft^th, PMD2:0.066ps3jS^#tii$tb5o 

[0118] ft!fc<D£5\Z s ^2(Ditja^^-5(D^^M±^fft2tt N fufEtlcDl/ (V~2) 
[0119] [^20] 



Soe2T 




[0120] Soel: 20.119 ^mj;^ Soe2T: 14.226 n mb^tti£th& 0 t^ot, S^15> 

Ifi|iSSoe2T^tfj|BSoe2^(D^^(||lCDlSjS^^^4^CD^S|i|'S^)S1^0.042/zm^ 

[0121] Mi-, mi(D&mvrm*4~?ft*k-rz>mwifri&PMDik^ m2<Dmm$rm*5x»m 

[0122] [fjfc21] 

PMDO = PMD1 - PMD2 

[0123] PMD0:0.028ps<Hg#ffi£*L5 o 

[0124] £JL_hd^, m2cD^ja$ff*^-5cD^ B e 0#^[^ME^:^*^ffife||^^lJ¥ME 
SrfTfr&V^i^J^ ^11^0.042/2 111, <BSt4>1K^0.028psdS^^-f-5 o £oT 
, H2(D^JgJff^^5(DPMD2§r0.028psjie>*-C0.094ps#3atL, Bo N 
14.23 /zm^§j;5(-, 1S©^^5cD^^ffife^[Rl^^f-r?,|§f B |t^-fRli:^ 

[0125] #cte, ^2(D^@J)f*^5(D^ H H B #^^«IE^*^Mill^[^J¥MiE^J;D, 

n i cDMm$f m^-4x»m$L-f- z>% 1 1 ^ 1 2 w ©pmd tPDL^mm<D mm^^^x 
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[0126] 



BSC22] 

nneln = 



no ■ ne 



r 



2 . r 

no -sin 



V 



0rn -^L 

180^ 



2 ' 

+ ne ■ cos 



1 

2^2 



180^ 



[oi27] mu noi-imtmmmm, ne^mn^tmm^^n^nmu wafrh-k'M^ 

[0128] [^23] 



So1m = tm ■ tan 



7T 



0o ■ 

v. 180. 



cos 



a 



TC 



V 



180 



J 



[0129] ^jb\ ^^(D^^f^^tfr|E^^ffi^^O^^SfitulE^3l?S$^ 

[0130] tmft(Dm^%m^zM2(Dmmffim^5%mi%ftm$mmvfcb%<D, mmm 

[0131] [ffife24] 



Se1 (m, n) = tm ■ tan 



180 J 



COS 



71 

180 > 



[0132] 
[0133] 



[fc25] 
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0e2n = 0n - Been 



[0135] [#C26] 



o 180 . -1 

0 ecn = — — ■ tan 

71 



[0136] [gfe27] 



no 



ne 



- tan 



0rn 



71 

1 80 y 



r 



0rn = 



180 

7T 



tan 



-i 



r 2 

-bn + [bn -4 ■ an 



^2 



cn 



2 - an 



[0137] [^28] 

2 



2 2 

an = no ■ ne ■ cos 



7T 



On- 

k 180 



- no -sin 



71 



a 

L 180 J 



[0138] [#C29] 



2 2 



bn = -2 ■ no - ne ■ cos 6 n 

I 180v 



7T 



s i n 



v 180^ 



[0139] [#C30] 



2 2 . r 
cn = no ■ ne -sin 



7T 



0 n - 

180J 



r 



+ sin 



7T 



■ -1 ■ ne 



I 180y 

[oho] tmznzo en^m2<Dmm^fm^5(Dm^mmmmt^^mt(Dnmmwc-vh 
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[0141] [#C31] 



Soe2(m, n) = So1m + Se1 (m, n) 



[0142] ^^StL^o foT, m2<Dmm$T mttXF @ af^P§f*§Soe2T^Soe2(m, n)i<£>^# 
[0143] [#C32] 

ST (m, n) = Soe2T - Soe2 (m. n) 

[0144] bit£thZ> 0 

[0145] Kfc, ^S^^ffife#^r^^tijfB^*®&ll^f^^^*-r^it 0 edlntt, 
[0146] [#C33] 

0 ed1n = 6 rn - 0 n 

[0147] tmZtlZo tot, ^2(D^ajff^5^J;oT^^i-5S3tj8li:MS^03t 

^S^d2(m, n)te % 
[0148] [^34] 

nnein no 



d2 (m, n)= tm - 



cosf0ed1n--^-l cosfflo--^- 

L I 180J I 180. 



■ cos|a--^--0ed1n 

180 VCUI " 180. 



[0149] ^ft£tL3 0 r<^S§ft^d2(m, n)^«toT^i*SffiJS^fS:PMD2(ni, n)f*, 

[0150] [i$:35] 



PMD2(m, n ) = ^^-10 6 



m*5X*%&*k-t?)Ml&ftmPMD2(m, n)t<D, f«5>i^PMD0(m, n)«, 
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[0151] [^36] 

PMDOOn, n) = PMD1 - PMD2(m, n) 

[oi52] tm^n&c 

[0153] Wt32tm3G&m^X, H2(D^JSiff^5c7)^^Bfe^^J¥tm^ "I^ltfc 
m&<DftffimmST(.m, n)^«5>i^PMD0(m, lO&jfcfc, ^©^©-»it 

[0154] [*1] 
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tm ( u m ) 


ST(m, n) (jum) 


PMD0(m, n) (p s) 


145 


1.084 


_3 

2.317 ■ 10 


146 


0. 993 


-3 

1.688 ■ 10 


147 


0. 903 


_3 

1.059 ■ 10 


148 


0.812 


-4 

4.301 ■ 10 


149 


0. 721 


-4 

-1.988 ■ 10 


150 


0. 631 


-4 

-8.277 ■ 10 


151 


0. 54 


_3 

-1.457 ■ 10 


152 


0. 45 


-2.085 ■ 10 


153 


0. 359 


_3 

-2. 714 ■ 10 


154 


0. 268 


-3 

-3.343 ■ 10 


155 


0. 178 


_3 

-3.972 ■ 10 


156 


0. 087 


-3 

-4.601 ■ 10 


157 


-3 

-3. 623-10 


-3 

-5.23 ■ 10 


158 


-0. 094 


-5.859 ■ 10" 3 


159 


-0. 185 


-6.487 ■ 10" 3 


160 


-0. 276 


-7. 116 ■ 10" 3 



[0155] #M#fJf|^-4, 5(D#^ttX12, X22 N X32^[B]^^^ffifeH^fB]J¥tU 
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Z>o **3, ^IMM^STGn, n)S0iI^fWDO(m, n)<Djji<D;M^$r«l&fcMil: 

[0156] &&&m<D%i&&G'rz>ytT<<yi'*-?i<Dm&ft > miRnm2(Dmmmm^4 

m, fi$?#flc^PMD0(m, n)^0.012ps^^6 o U^L&^?>, tulH 6 n£59Jg, Hf^ 
U'^/K^(BHS^ST(m, n)<0.5^m, fiHSt^tfc^PMDOCm, n)<0.05ps) (DfEHf*!^ 

Ti&«Bitg^B2©is©ff*^5^j^-rs^^^ Bitg^^Sc tot, nimmtft 

mm^^mmi-^b^x^xmmmxm^/^xmm^n^ 
[oi57] mn^ ±Rmmx±RM£titcytn, m2(Dmmvfm*5b$&2mm$tmbb 

0fi©ff(^^t«fteii5o rtui, ^(D^xm^-ttPUDb 

<Djtmzm ^xm&4k£tiz>z.t&^~r 0 5ikt\z£z>'&m&myt&&#~rz>ytT^y 
u—yxa, mzyt^m^2\m, mmm-r^tc^^ mm^tr^yu—y^hmm 
-tzytK, i^<Dyt¥m^x*m^i-zpMD^PDLte2mzt£^xftm&R&i- 0 l 
f)>\^t^h%r^yu— ?ixn, ^j&cd^j&t^u-cpmd^pdus, ^KMms 
x^BiMznzmKi&m^n&tcbb, ^(DPUD^puLmu^^mKmrnw 

t^&mm^z>^b\-^xt&mk£nz> 0 lot, ^r^/^^^ffiit^fc^ 
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[0158] ^mmmm^^ytr^yu— ^©^T-ryw-^ti^m-rsfcfeti^ 

[0159] ±mX\ ftT^yu—? KD^mmmSTim, nWm^tf^^^m^X, M2(D 

^mmm^(D o ntm^mm^m^^mtm^^tc^K MiRnm2(Dmm#fm 

^-M^±^<-r^t^<omn-r^t^mx^ 0 mm, ytmm 
PMDo(m, n)tm^t^^Km^tcmxM!^'r^t^m^ 0 Mt$ma^ m 

X32^fa)&m^MmW;BjjfaKML-X59m, RXF'MmmTim, n)/55o.5Atm* 
MTTMD0(m, n)£vft/h£&5, * ^TO^^fafftm: 152 n mKWtfe'r^bfrM 

[0160] ^±©£5^ ^2©maJfT*^5^PDLi:PMDC0{S^b«W^5^^, 

PDL^PMDcDif^^f^b^ilE^-t-^^i, ^2<^®#f3^5<£>*£li$lWlS 6 

[0161] M^fBl^V^T^oCD^^co^lU 5tl2tt^>-X7^Alt-r5SiI(-> 2^(^1S@ 
157/zm^^^LTV^^ %lll^X^%l2(D^Wf%^S>T{m, n)fi^20^gJS*T^ 

-?-5^ffitfbfcB#,£ (H2d<d^) -eft/JMS^w^^tLSc ^r^yi/-yi<z)PDL 
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[0162] m^mm^m, mimmffimatm2<Dmmffim+5&mm%k(Dytiibm2<D& 
jjmt^^x3i^m, Rxjtm^mm£mj7famibtm(=t2)t&mfe-t& 0 «to 
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